Many quinone analogues have been isolated from the heartwood of woody plants [4] [5] [6] [7] and they are thought to function as free radical scavengers of oxidants.
Leishmaniasis is endemic in tropical regions and currently affects 12 million people in 88 countries. 8) The disease is transmitted by small biting sandflies (Phlebotomus spp.). The first-line drugs for the treatment of leishmaniasis are pentavalent antimonials such as N-methylglucamine antimonate (Glucantime) and sodium stilbogluconate (Pentostam); however, these drugs are toxic and generally expensive. Cutaneous leishmaniasis is also found in Myanmar. Although some quinone derivatives are known to be antiprotozoal agents, 9, 10) only a few with antiprotozoal activity have been extracted from heartwood (a rich source of quinone compounds). For these reasons, we focused our screening for antileishmanial activity on the heartwood constituents.
In this paper, we describe the leishmanicidal activity of Myanmar timber extracts to show that Myanmar has abundant forest resources, the cultivation of which might serve as alternatives to the illegally cultivated opium poppy.
MATERIALS AND METHODS

Materials
All tested timbers used were from "Myanmar Timber Samples" produced by the Forest Research Institute, Forest Department, Yangon, and were kindly donated by the Ministry of Forestry of Myanmar.
Chemicals Tetra Color ONE was purchased from Seikagaku Kogyo Co. Ltd. Medium 199 was from Invitrogen Co. Ltd. ES Cell Qualified Fetal Bovine Serum was from Invitrogen Co. Ltd.
Extraction of Timbers All timbers (each 50 g) were pulverized and extracted with methanol (150 mlϫ3) at 40°C. Extracts were evaporated in vacuo to obtain syrups.
Cultivation of Leishmania promastigotes Medium 199 was used for the cultivation of promastigotes of Leishmania major (MHOM/SU/73/5ASKH). Promastigotes were cultured in medium [supplemented with heat-inactivated (56°C for 30 min) fetal bovine serum (10%)] at 27°C, in an atmosphere of 5% CO 2 in an incubator.
Leishmanicidal Activity Assay The leishmanicidal effects of timber extracts were assessed by the improved 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrasodium bromide (MTT) method as follows. Cultured promastigotes were seeded at 4ϫ10 5 /50 ml of medium/well in 96-well microplates, and then 50 ml of different concentrations of test compounds dissolved in a mixture of DMSO and medium were added to each well. Each concentration was tested in triplicate. The microplate was incubated at 27°C in 5% CO 2 for 48 h. Tetra Color ONE (10 ml) [a mixture of WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) and 1-methoxy PMS (1-methoxy-5-methylphenazinium methosulfate)] was added to each well and the plates were incubated at 27°C for 6 h. February 20, 2004 ence wavelength 630 nm) were measured using a microplate reader (Thermo BioAnalysis Japan Co., Ltd., Kanagawa, Japan). The leishmanicidal activity was expressed as the minimum lethal concentration (MLC) and minimum inhibitory concentration (MIC). The inhibitory concentration of 50% (IC 50 ) for pendulone was estimated from the graph.
Isolation of Pendulone Powdered Millettia pendula BENTH timber was extracted with hot methanol (2 lϫ2) and then filtered. The filtrate was concentrated in vacuo and the residue (4.8 g) was purified by column chromatography on silica gel using chloroform-methanol to obtain 20 fractions. Fractions eluted with 10-30% methanol/chloroform were combined and then rechromatographed on silica gel using chloroform-ethyl acetate to give 100 fractions. Fractions eluted with 10-20% ethyl acetate/chloroform were combined and rechromatographed on Sephadex LH-20 using methanol as an eluent to give pendulone (85 mg). Its physical properties were identical to the reported data. The isolation of several prenylated isoflavanones from the root bark of the genus Millettia have been reported. 12) From the heartwood of M. pendula, two isoflavane-quinone derivatives have been reported to date. 11) Their chemical structures include a quinone moiety, and many leishmanicidal constituents from natural sources have quinone moieties in their molecules. For this reason, it was assumed that this moiety was responsible for the leishmanicidal activity of this timber extracts. To support this assumption, an active component was isolated from this plant extract (see experimental). It was found to be pendulone, which has already been reported as a constituent of M. pendula. It showed potent activity (IC 50 0.066 mg/ml).
Cedrela serrata ROYLE. (local name, taung-tama) and C. toona ROXB. (local name, thitkado): From the heartwood of Cedrela spp., some triterpenoids and essential oils have been extracted from C. odorata. 13) Two limonoids were isolated from C. toona seeds. 14) However, whether these limonoids have antiprotozoal properties was not mentioned in the paper, although several limonoids (2,6-dihydroxyfissinolide, fissinolide, and methyl 3-acetoxy-6-hydroxy-1-oxomeliac-14-enoate isolated from plants of another genus) are reported to have leishmanicidal activities. 15) Other constituents of this plant are some cadinane-type sesquiterpenes and a coumarin derivative. 13, 16) Moderate leishmanicidal activity of coumarin isolated from a Peruvian folk medicine was noted in our previous study, 17) although the activity of its derivatives has not been investigated. Therefore the identity of the active principle in this timber extract is not obvious.
Cordia Grevillea robusta A-CUN. (local name kha daw-hmi): Timber of this woody plant called "silk oak" is commercially valuable for making furniture. Arubtin derivatives, macrocyclic phenols, and cinnamic acid derivatives have so far been isolated from the leaves of G. robusta. 24) Our previous research found that some cinnamic acid derivatives had leishmanicidal activity. 17) Macrocyclic phenols with the resorcinol moiety are characteristic compounds of this species 25, 26) and much attention has been focused on the bioactivity of these compounds, although none has been focused on their existence in heartwood.
Haplophragma adenophyllum (WALL.) DEP (local name, petthan): The genus Haplophragma is a rare species in the Bignoniaceae family. Three naphthoquinones (dehydro-a-lapachone, a-lapachone, and b-lapachone) have been isolated from heartwood and roots, and one (b-lapachone) has antitrypanosomal activity.
27)
Michelia champaca LINN. (local name sagawa):
Several sesquiterpene lactones were isolated from M. champaca along with some aliphatic chain compounds. 28, 29) Among sesquiterpene lactones, parthenolide and michampanolide 33, 34) Isoquinoline alkaloids form a large group of natural leishmanicidal compounds. Although liriodenine or its analogues have not yet been isolated from M. champaca heartwood, it would be reasonable to assume that leishmanicidal activity in heartwood is due to such compounds.
Tectona grandis LINN. f. (local name, kyun): Teakwood is well known as a material for furniture and is the most important export next to rice from Myanmar. T. grandis has been reported to contain several naphthoquinones, lapachol, trichione, 5-hydroxylapachol, etc. 35) Among them, lapachol is widely distributed in the woody plant kingdom (especially in the Bignoniaceae family) and is mainly found in heartwood. Its leishmanicidal activity against amastigotes of L. donovani in mouse peritoneal macrophages has been reported. 36) The activity of timber extracts is probably due to lapachol or its derivatives.
In conclusion, we found that some timber extracts, especially extracts of M. pendula BENTH., had the most leishmanicidal activity. From a literature search for reports on chemical constituents of these plants, most constituents were found to be quinone derivatives or some other compounds with unsaturated carbonyl groups (e.g., coumarin derivatives). Such compounds are probably part of the defense mechanism of wood. Moreover, a number of quinone derivatives have been found to be leishmanicidal components of plants in their natural environment; therefore these natural products might be used for antileishmanial treatment. However, in some species, chemical components have not been investigated, and thus new compounds might be found. This would improve utilization of forest resources and furnish an alternative to the illegal cultivation of opium poppy in Myanmar. 
